and 'Martin (11) . Reference may also which the technique of " Inhibition Analysis " is described. The work described here deals specifically with sulfanilamide. It represents part of a program designed to determine the value of the excised tomato root as a biological system to which antimetabolites ma.y be applied with the object of revealing possible metabolic interrelationships and the effects of known metabolites on the morphological development of the root system.
Inhibition of growth of a higher plant (garden cress) by sulfanilamide was shown by Fourneau et al (6) . The experimental reversal of sulfonamide inhibition by p-aminobenzoic acid (PABA), using seeds or seedlings, has been demonstrated (5, 7, 9, 10, 14, 20, 24) . Three papers are known (1, 4, 5) which report inhibition of growth of excised roots (grown in sterile culture) by sulfonamides and reversal of the inhibition by PABA or some other agent. In one of these papers (4) an apparent competitive antagonism, as determined by growth of the main axis, was observed between PABA and sulfathiazole.
Experiments reported here were designed to determine 1) whether sulfanilamide would inhibit growth of excised tomato roots, 2) whether any inhibition could be antagonized by PABA, n-pteroylglutamic acid (PGA), methionine, purines, and pyrimidines, and 3) whether it was possible to establish that any antagonism was competitive or non-competitive.
MATERIALS AND METHODS
The general techniques are described elsewhere (2) . The basal medium was that of White (23) figure 1 and with PGA in five other experiments (table I) in addition to that illustrated in figure 1. Stimulation of growth in length of the main axis, and in some cases of laterals, was observed with both sulfanilamide and PABA (fig 1 and table Methionine, in one experiment, relieved the inhibition slightly. Neither adenine, guanine, hypoxanthine, xanthine, cytosine, or uracil affected the inhibition when supplied alone or in the presence of methionine at a concentration which was not itself inhibitory. DIscussIoN The assumptions inherent in the experimental method used here for determining the type of antagonism are given elsewhere (25, 26) . It is recognized that the validitv of the conclusions regarding competitive and noncompetitive inhibition are dependent upon the validity of the assumptions. In spite of the possibility that the assumptions may prove incorrect the results are of definite interest in relation to those obtained by other workers using similar experimental methods with microorganisms. Throughout this discussion the term " folic acid " is used as a collective name for those factors which are active in one or other of the biological tests for " folic acid." The substance n-pteroylglutamic acid, often now termed folic acid," is referred to as PGA. Its structure and the structure of other substances mentioned in this discussion are shown in figure 3. Theories relating to the mechanisms of the inhibitorv action of antimetabolites, particularly the sulfonamides, have been discussed and reviewed elsewhere (11, 13, 26) . Such inhibitions may be antagonized by substances either structurally similar or dissimilar to the antimetabolite. The theoretical basis upon which the interpretation of such antagonisms are based is contained in the general theory relating to "Inhibition Analysis " (17, 18, 25 showing that the antagonist is a participant, or precursor of such a participant, in the metabolic step inhibited by the antimetabolite. A noncompetitive antagonism is interpreted as showing that the antagonist is a product, immediate or remote, of the metabolic step inhibited by the antimetabolite. Much of the evidence for the function of PABA and " folic acid " is based upon 1) " Inhibition Analysis," using either sulfonamides or structural analogs of PGA and 2) nutritional studies of micro6r-ganisms requiring either PABA or components of folic acid " for growth. In most cases PABA is a competitive, and PGA a noncompetitive, antagonist of sulfanilamide. Certain other substances, not structurally related to PGA or sulfonamides, and termed secondary antagonists, also relieve the inhibition in a noncomnl)etitive nmanner. Thus the most favored general hypothesis is that sulfonamides inhibit the conversion of PABA to PGA and that PIGA, or a product thereof, is a coenzyme (Coenzyme F) for processes leadiing to the biosynthesis of the secondary antagonists. Nutritional studlies of the type under 2) above, sul)l)ort this conclusion. There are, however, a number of results which are difficult to fit into this hvpothesis.
The results obtained here indicate that both PABA and PGA were competitively antagonistic toward sulfanilamide. Therefore, the results with PABA are in agreement with those generally obtained with micro6rgyanisms. It is concluded that PABA is a precursor of, or participant in, the metabolic step blocked by sulfanilamide. The results with PGA are not in agreement with those generally obtained with microorganisms, although instances of competitive antagonism between PGA and a sulfonamide have been reported using Acetobacter suboxydans and a Neurospora mutant (12) . Pteroic acid was also competitive. In other work (8) p-aminobenzoylglutamate was found to be a competitive inhibitor of sulfadiazine with Streptococcus faecalis.
On the assumption that " folic acid " is involved in the metabolism of these micro6rganisms and the tomato root, the following explanations may be postulated to explain these results in terms of the general hypothesis outlined above: 1) Cellular biosynthesis of " folic acid " involves a molecule not identical with PGA, and PGA is not a free compound in the cells. Competitive antagonism of inhibition by sulfonamide could then result if the PGA is first broken down to PABA (or possibly either pteroic acid or paminobenzoylglutamate) which then enters into competition with the sulfonamide. The breakdown of PGA could occur in the medium, at the cell surface, or in the cell; 2) Cellular biosynthesis of " folic acid from PABA involves the formation of PGA, and PGA is a free compound, but either PABA has other functions than biosynthesis of PGA, or the PGA supplied in the medium does not reach the site of biosynthesis. Failure to reach the site of biosynthesis could be due to impermeability of the cell to PGA or to destruction of PGA in the medium or the cell. Inhibition by sulfonamide would then be overcome as under 1) above.
Bacillus coli 1883 Co utilizes PABA but not PGA ,as an anti-sulfonamide. The penetration of the cells of this organism by PABA but not by PGA has recently been demonstrated using tracer techniques (22) . With labelled PABA radioactivity was detectedl in a substance which was active in an assay for folinic acid " (18 The points discussed above are interpreted as indicating that the activity of PGA with excised tomato roots is not a consequence of its (lecomposition to PABA. The possibility that PGA is a precursor of the metabolic step blocked by sulfanilamide deserves considleration. Whatever the solution to this problem mina be, it is apparent that the " folic acid " metabolism of the tomato root is unlikely to be identical with that suggested for the majority of micro6r-ganisms.
The difference between the effect of the same concentration of sulfanilamide, or concentrations of sulfanilamide plus antagonist, on growth of main axis an(l laterals is of some interest. An explanation is (lifficult to find but may involve the correlative mnechanism whereby the main axis meristem and younger part of the main axis are inhibitory to the growth of lateral meristems (21) . Thus, in a medium in which growth of meristems is affected by an inhibitor supplied in the medium, growth of lateral meristems w1ill be a product of 1) the direct inhibitory effect of the inhibitor on the lateral meristem and 2) the relief of the indirect inhibition which is exerted by the main apex on the lateral meristem. This indirect inhibition will be relieved as the inhibitor commences to affect the main axis meristem. In experiments reported here a decrease in growth of lateral roots was observed at concentrations of 2 The studies of which this work is a part were supported by appointments of the auithor to National Science Foundation fellowships.
For a given candidate the complete flavonoid complement should be characterized; the distribution of each substance within the plant should be known; and the qualitative and quantitative changes in each of the constituents as the plant unfolds its development should be ascertained. The present work with buckwheat is part of an attempt at such a definition of a suitable botanical system. A number of workers have mentioned the occurrence in the mature buckwheat plant of rutin (3, 5, 7 ,-3',4'-pentahydroxyflavone-3-rutinoside). Schunk (24) discovered this substance in fresh leaves, Wtunderlich (28) found it in dried flowers, and Brandl and Schartel (5) confirmed both reports. Contemporary workers (e.g., 8, 9) have established the occurrence of the glycoside in several species. It has been tentatively suggested (20) that small amounts of other flavonoid substances mav also be present in the mature plants. Concerning the flavonoid constitution of buckwheat seedlings no unequiivocal information has been available. iNagai (19) reported the occurrence of a small quantity of unknown flavone pigment in etiolated seedllings, while Kuilman (16) and Karstens (15) coul(d not demonstrate flavones in such plants.
This report offers evidlence that rutin is present, in
